A method of solution of the Eliashberg equations in the theory of superconductivity is derived which uses the fact that near the transition point the energy gap is small compared to the energies over which the electron-phonon properties vary appreciably. On this basis the Eliashberg equations are converted into linear inhomogeneous integral equations. Their solution is given in operator form and provides a general formula for the transition temperature.
Introduction

T h e E quation fo r the G ap Function
W e start from the non-linear Eliashberg equa tions 2_4,13
which determine the gap function A (co) and the electron renorm alization function Z(co) o f a super conductor. T h eir kernels are
and is related to the electron-phonon interaction function 2' 7 using the relation
The electron-phonon interaction constant, /, is o b tained by com bining Eq. (2 .3 ) and Eq. (2 .4 )
The direct Coulomb interaction enters into the Eq.
( 2.1) through the pseudopotential parameter // and the cut-off frequency coc . The latter is much greater than the upper boundary frequency co0 of the pho non spectrum, so that for frequencies above coc the gap function becomes independent of co: 
where A (0 ) is the energy gap fo r co = 0, and
The function a (c o ), which does not vanish with co = 0, satisfies the linear inhomogenous integral
with a m odified pseudopotential parameter
(1 + / / ln (co c/oj>1) ) '
The frequency OJt is a scaling frequency which will be determined later. 
Solution o f the Lin ear Integral Equation
W e consider first, the pure phonon case (/< = 0 ).
The solution of Eq. (2 .8 ) can be written in the form :
with &ph(0) = 1 . The function 6ph(co) satisfies the equation
where
and the value a ( 0) is given by means of 6ph(co)
by the relation
In deriving this equation the conditions
have been used. 
where £ (co) no longer depends on 2, and goes to zero when co = 0, the electron-phonon interaction parameter, 2, enters into Eq. (3 .6 ) only through the ratio 2 / (1 + 2 ) . Furthermore, the solution feph(co)
does not depend on w1 , as can be seen from Eq. From this representation, we see that both, D and B0 contain only the ratio Ä / (l + / ) . I f the above expression fo r B0 is substituted into (3 .1 4 ), then the parameter 1 + C can be rewritten as
where the new constants are defined by the integrals 
In Table 1 
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A p p e n d ic e s
A ) Derivation of the Linear Inhomogenous Integral Equation
The gap function can be split into two terms
where A0 is the value o f the gap function for oj = 0.
Putting this into the second Eliashberg equation for the pure phonon case (u = 0) gives
W e divide the kernel into the symetric and antisymetric parts with respect to oj
where K s(oj,oj') and Ka(oj,oj') are symetric and slow ly varyin g functions of o j ' near o j ' = 0. I f (3 is chosen, so that the symetric and antisymetric parts can be considered as constant for 0 < co '< < 5 , and if d is many times greater than A0 , the inte gration in ( A l ) can be written
In the first integral, the Ferm i distribution function has been neglected taking into account the low tem peratures, whereas the square root has been replaced by h oj because A0 is very much smaller than 5.
The main contribution to the integral of the right hand side comes from the singularity of the inte grand. Since we are interested in the lim it A0-> 0.
we can put a ( 0) = 1 everywhere insteat of ä(oj'), if we notice that ä(oj') is a symetric function in ft)'.
The integration on the right hand side can be done and gives, rem em bering that A0 ^ d:
The rem aining integral can be transformed as fo l lows : 0) ) is not greater than a ( 0 ) -1 . So the transition tem perature is determined by the relation ( 2.11) given in the text.
